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The present invention relates to a process for producing DNT by a two-step
liquid phase nitration This invention relates generally to the nitration
reaction of nitric acid with toluene at a reaction of toluene and, more
specifically, to a process for  temperature not exceeding 80[err]in the
absence of nitrating toluene to dinitrotoluene employing an in-   5
sulfuric acid and in the absence of a solvent. organic salt as a phase
separation agent.              The process comprises: Nitration reactions
of aromatic hydrocarbons       (a) reacting toluene with nitric acid having
an are generally conducted in mixed acid systems,        acid concentration
of between 60 and 75 per- such as mixed nitric and sulfuric acids. However,
cent by weight, based upon the total amount of these mixed acid systems
usually involve recon-  10   acid plus water, at a reaction temperature of
centration of the spent sulfuric acid after the nitra-  between 60[err] and
75 C, and employing be- tion reaction. This reconcentration step is time
con-  tween 3 and 5 moles of nitric acid per mole of suming, energy
intensive and requires the use of      toluene, to produce
mononitrotoluene, expensive materials of construction. In addition, the
(b) reacting said mononitrotoluene with concen- use of sulfuric acid tends
to result in significant  15    trated nitric acid having an acid
concentration of nitrocresol and cyanide by-product formation, re-
between 90 and 100 percent by weight, based quiring expensive wastewater
treatment to remove      upon the total amount of acid plus water therein,
this by-product from the desired product.             at a reaction
temperature of between 40 C and In view of these disadvantages associated
with     70[err] and employing between 3 and 4 moles of mixed
nitric/sulfuric acid systems, there have been   20  concentrated nitric
acid per mole of mon- various attempts over the years to perform gas
onitrotoluene, to produce a mixture containing phase or liquid phase
nitrations in concentrated      dinitrotoluene and unreacted nitric acid,
and nitric acid in the absence of sulfuric acid. By way   (c) incorporating
an inorganic salt into said mix- of illustration, U.S. Patent No. 2,362,743
discloses  ture  to  cause  phase  separation  of said a two-step  process
for the  manufacture  of  25      dinitrotoluene from said unreacted nitric
acid in dinitrotoluene ("DNT") in the absence of sulfuric     said mixture.
acid which comprises (a) nitrating toluene to mon-     This and other
aspects of the present invention onitrotoluene using a nitric acid having a
concentra-  will become apparent upon reading the following tion of from
about 60 percent to about 75 percent   detailed description of the
invention. and a mole ratio of toluene to nitric acid of about 1   30  The
process of the present invention utilizes a to about 3.5 and (b) nitrating
the mononitrotoluene  two-step reaction in liquid media and does not to
dinitrotoluene using nitric acid having a con-   involve the formation of
the two phase emulsions centration of from about 90 percent to about 100
observed in conventional, mixed sulfuric/nitric acid percent, and a mole
ratio of mononitrotoluene to    nitration processes or processes which
utilize a nitric acid of about 1 to about 3. Although the   35  solvent.
Phase  separation  of  the  desired process of this '743 patent is
advantageously con-  dinitrotoluene from the product mixture is suitably
ducted in the absence of sulfuric acid, it has now  effected by adding an
inorganic salt to the product been found that in step (b), a very high
percentage  mixture. The inorganic salt is preferably soluble in of the
nitrated product (up to 25 percent) based   the product mixture. upon the
amount of toluene reactant employed   40      The inorganic salt is
generally incorporated into does not phase separate from the nitric acid
me-    the mixture of dinitrotoluene and unreacted nitric dium. Indeed, the
'743 patent teaches vacuum dis-   acid in a "phase separation effective
amount", i.e., tillation of the product mixture to isolate the desired  an
amount sufficient to cause phase separation of dinitrotoluene, an expensive
and highly energy in-  the mixture in order to facilitate isolation of the
tensive process step.                          45  dinitrotoluene from the
unreacted nitric acid in the Since DNT is useful as an intermediate in
product mixture. Preferably, the inorganic salt is producing TDI, new
processes for the selective      employed in a molar amount sufficient to
provide manufacture of this intermediate utilizing a more   between 25
percent and 100 percent of a full energy efficient phase separation
technique would  saturation concentration of said inorganic salt in be
highly desirable to the polyisocyanate manufac-  50  said nitric acid,
where the full saturation concentra- turing community. Heretofore, no
process has been  tion is measured at the reaction temperature em-
disclosed to the knowledge of the present inventors  ployed in step (b).
For example, when employing which provides for the nitration of toluene to
DNT  magnesium  nitrate hexahydrate as the inorganic in the absence of a
solvent and In the absence of   salt, it is preferred to use between 0.2
gram and sulfuric acid while affording enhanced phase sepa-  55  0.85 gram
of salt per gram of toluene. ration of the nitrated product from nitric
acid with-  Particularly advantageous inorganic salts are out distillation.
the inorganic sulfates, inorganic nitrates, and com- binations thereof.
Illustrative inorganic salts are the 2 



3                EP 0 468 968 B1                    4 alkali metal and
alkaline earth metal salts such as  EXAMPLE 1 sodium nitrate, sodium
sulfate, potassium sulfate, potassium nitrate, magnesium nitrate
hexahydrate,  Improved Phase Separation of Dinitrotoluene magnesium
nitrate trihydrate, and combinations   From Nitric Acid Caused by Magnesium
Nitrate thereof. The preferred inorganic salts are the nitrate   5
Hexahydrate salts, more preferably magnesium nitrate hex- ahydrate. It is
preferred to use inorganic salt(s)   A mixture of 82.0 g of 59.5 percent
[err] 64.6 which are chemically stable in the presence of the  g of[err]and
32.9 g of commercial step (a) and step (b) reactions. For example, it is
grade dinitrotoluene (mixture of isomers) was ad- preferred not to use
chloride salts due to the for-  10  ded to a separatory funnel and immersed
in a mation of chlorine and various nitrogen reaction by-  water bath at 69
C. After occasional shaking, to products.
dissolve and disperse the components, the layers The timing of addition of
the inorganic salt is  were allowed to separate. A heavy acid/salt layer
not critical and can be effected before, during, or  (141.4 g) was drawn
off the bottom of the funnel, after either step (a) or step (b) of the
process of the   15  followed by the lighter DNT layer (36.4 g). After
present invention. For convenience, it is preferred  dilution with water
and  cooling, 2.87 g of that the inorganic salt be added to the reaction
dinitrotoluene was recovered from the acid/salt lay- mixture before step
(a) even though the inorganic  er equal to 8.7 percent of the original DNT
fed. salt is not necessary for phase separation of the    When an analogous
mixture, but without added mononitrotoluene from the step (a) intermediate
20  inorganic salt, was phase separated, dinitrotoluene reaction. The
inorganic salt is then carried over into  in the acid phase amounted to
27.6 percent of that the step (b) reaction mixture, and is available in the
which was originally fed. step (b) product mixture to cause phase
separation of the highly soluble dinitrotoluene from the prod-  EXAMPLE 2
uct mixture.                                 25 The reaction of step (a) is
suitably conducted  Two-Step Readtion to Produce Dinitrotoluene at a
reaction temperature not exceeding 80[err]    and Phase Separation Using
Magnesium Nii preferably between 60[err] and 75[err] more prefer-  trate
Hexahydrate ably between 65 C and 75 C, most preferably about 70 C. The
reaction of step (b) is suitably  30  A mixture of 92.14 g (1.0 mole) of
toluene was conducted at a reaction temperature not exceeding  reacted with
484.7 g of 65 percent [err] (5.0 mole 80[err] preferably between 40[err]
and 70 C, more    [err], in the presence of 412.0 g magnesium preferably
between 60[err] and 70 C, most prefer-  nitrate hexahydrate, for two hours
at 70[err] in a ably about 65[err]
mechanically agitated, jacketed flask. After phase The reactions are
suitably conducted at at-  35  separation of 133.4 g of mononitrotoluene
(MNT) mospheric  pressure, although  subatmospheric     product  from
827.0  g  of  spent  nitric pressure can be employed if desired. The
reaction  acid/magnesium nitrate mixture, the MNT was fur- time is
typically between one and five hours for  ther reacted with 255.9 g (4.0
moles) of 98.5 per- each of steps (a) and (b), preferably about two   cent
[err] for two hours at 70 C. Vacuum distilla- hours for each step.
40  tion of the reaction product removed 102.8 g of After phase separation,
washing with water and  99.4  percent [err] leaving  255.3  g  of a basic
solution produces a purified DNT product.  DNT/aqueous [err]. This
DNT/aqueous [err] These wash waters are free of the nitrocreosol    mixture
was combined with the aqueous [err]mag- impurities observed in the
wastewater produced in  nesium nitrate mixture from the mononitrate step a
conventional, mixed sulfuric/nitric acid DNT pro-  45  and phase separated.
After washing the DNT with cess. The aqueous nitric acid from the phase
sepa-  92.0 g of hot water, 147.4 g of DNT, 895.8 g of ration step can be
purified by toluene extraction,  [err]/magnesium nitrate mixture and 119.5
g of the toluene phase being recycled to the step (a)  wash water were
recovered. The wash water and reaction and the 60-70% aqueous nitric acid
phase  [err]/magnesium nitrate mixture were diluted with reconcentrated,
sold or recycled back into the step   50  water and chilled to 4 C to
crystallize the DNT (a) reaction.
content of each solution. The [err]/magnesium The following examples are
intended to illus-  nitrate mixture contained 14.4 g of DNT (8.9 per-
trate, but in no way limit the scope of, the present  cent of total DNT
recovered), while the wash water invention.
contained 0.78 g of DNT (0.5 percent). 55     An identical reaction and
phase separation se- quence, but without added inorganic salt, gave 97.1 



g of DNT, 554.3 g of spent [err] containing 68.0 g of DNT (40.9 percent of
total DNT recovered) 3    5                 EP 0 468 968 B1
6 and 136.3 g of wash water, containing 1.35 g of        acid concentration
of between 95 and 100 per- DNT (0.8 percent).
cent by weight, based upon the total amount of acid plus water. 5   7. The
process of claim 1 characterized in that 1. A process for producing
dinitrotoluene and          said inorganic salt is added before step (a),
causing phase separation of the dinitrotoluene      and characterized in
that said salt is employed so produced from the product mixture char-
in a molar amount sufficient to provide be- acterized by:
tween 25 percent and 100 percent of a full (a) reacting toluene with nitric
acid having   10  saturation concentration of said inorganic salt an acid
concentration of between 60 and 75       in said nitric acid step (a).
percent by weight, based upon the total amount of acid plus water, at a
reaction      8. The process of claim 1 characterized in that temperature
of between 60[err] and 75[err],            said inorganic salt is added
before step (b), and employing between 3 and 5 moles of  is       and
characterized in that said inorganic salt is nitric acid per mole of
toluene, to produce      employed in a molar amount sufficient to pro-
mononitrotoluene,                                vide between 25 percent
and 100 percent of a (b) reacting said mononitrotoluene with con-     full
saturation concentration of said inorganic centrated nitric acid having an
acid con-        salt in said concentrated nitric acid of step (b).
centration of between 90 and 100 percent  20 by weight, based upon the
total amount of     9. The process of claim 1 characterized in that acid
plus water therein, at a reaction tem-      step (a) is conducted for a
reaction time of perature of between 40 C and 70 C, and           between 1
and 5 hours. employing between 3 and 4 moles of con- centrated nitric acid
per mole of mon-  25  10. The process of claim 1 characterized in that
onitrotoluene, to produce a mixture contain-     step (b) is conducted for
a reaction time of ing dinitrotoluene and unreacted nitric acid,    between
1 and 5 hours. and (c) incorporating an inorganic salt into said
PatentansprUche mixture to cause phase separation of said  30
dinitrotoluene from  said unreacted nitric    1. Verfahren zur Herstellung
von Dinitrotoluol und acid in said mixture.
Herbeiflhrung einer Phasentrennung des so hergestellten Dinitrotoluols von
der P~roduktmi- 2. The process of claim 1 characterized in that
schung, said inorganic salt is selected from the group   35  gekennzeichnet
durch: consisting of inorganic sulfates, inorganic ni-       a) Umsetzen
von Toluol mit Salpetersdure trates, and combinations thereof.
mit einer Sgurekonzentration zwischen 60 und 75 Gew. -%, bezogen auf die
Gesamt- 3. The process of claim 1 characterized in that           mange der
Slure plus Wasser, bei einer said inorganic salt is selected from the group
40   Reaktionstemperatur zwischen 60 C und consisting of sodium  nitrate,
sodium sulfate,        75 C und unter Verwendung von zwischen magnesium
nitrate hexahydrate, and combina-           3 und 5 Molen Salpeterslure pro
Mol Tolu- tions thereof.                                        ol, um
Mononitrotoluol herzustellen, b) Umsetzen von Mononitrotoluol mit kon- 4.
The process of claim 1 characterized in that  45       zentrierter
Salpetersdure mit einer Sdure- said inorganic salt is added either before,
dur-      konzentration zwischen 90 und 100 Ge- ing, or after step (a) or
step (b) in order to        wichtsprozenten, bezogen auf die Gesamt-
incorporate said inorganic salt into said mixture     mange der Slure plus
darin enthaltenem to cause said phase separation.
Wasser, bei einer Reaktionstemperatur zwi- 50        schen 40*C und 70-C
und unter Verwen- 5. The process of claim 1 characterized in that
dung von zwischen 3 und 4 Molen konzen- said nitric acid of step (a) has an
acid con-         trierter Salpeters~ure pro Mol Mononitroto- centration of
between 60 and 70 percent by            luol, um eine Dinitrotoluol und
nicht umge- weight, based upon the total amount of acid           setzte
Salpetersgure enthaltende Mischung 



plus water.                                55         herzustellen, und c)
Aufnehmen eines anorganischen Saizes 6. The process of claim 1
characterized in that           in die Mischung, um eine Phasentrennung
said concentrated nitric acid of step (b) has an      des Dinitrotoluols
von der nicht umgesetz- 4    5                 EP 0468 968 B1
6         *   C      L    M       S * and 136.3 g of wash water, containing
1.35 g of         acid concentration of between 95 and 100 per- DNT (0.8
percent).                                     cent by weight, based upon
the total amount of acid plus water. Claims 5   7. The process of claim 1
characterized in that 1. A process for producing dinitrotoluene and
said inorganic salt is added before step (a), causing phase separation of
the dinitrotoluene      and characterized in that said salt is employed so
produced from the product mixture char-          in a molar amount
sufficient to provide be- acterized by:
tween 25 percent and 100 percent of a full (a) reacting toluene with nitric
acid having   10  saturation concentration of said inorganic salt an acid
concentration of between 60 and 75       in said nitric acid step (a).
percent by weight, based upon the total amount of acid plus water, at a
reaction      8  The process of claim 1 characterized in that temperature
of between 60 C and 75 C,            said inorganic salt is added before
step (b), and employing between 3 and 5 moles of  15       and
characterized in that said inorganic salt is nitric acid per mole of
toluene, to produce      employed in a molar amount sufficient to pro-
mononitrotoluene,                                vide between 25 percent
and 100 percent of a (b) reacting said mononitrotoluene with con-     full
saturation concentration of said inorganic centrated nitric acid having an
acid con-         salt in said concentrated nitric acid of step (b).
centration of between 90 and 100 percent  20 by weight, based upon the
total amount of     9. The process of claim 1 characterized in that acid
plus water therein, at a reaction tem-     step (a) is conducted for a
reaction time of perature of between 40 C and 70 C, and            between
1 and 5 hours. employing between 3 and 4 moles of con- centrated nitric
acid per mole of mon-   25  10. The process of claim 1 characterized in
that onitrotoluene, to produce a mixture contain-      step (b) is
conducted for a reaction time of ing dinitrotoluene and unreacted nitric
acid,     between 1 and 5 hours. and (c) incorporating an inorganic salt
into said  PatentansprUche mixture to cause phase separation of said   30
dinitrotoluene from  said unreacted nitric    1. Verfahren zur Herstellung
von Dinitrotoluol und acid in said mixture.
HerbeifUhrung einer Phasentrennung des so hergestellten Dinitrotoluols von
der Produktmi- 2. The process of claim 1 characterized in that
schung, said inorganic salt is selected from the group   35  gekennzelchnet
durch: consisting of inorganic sulfates, inorganic ni-       a) Umsetzen
von Toluol mit Salpetersaure trates, and combinations thereof.
mit einer Sdurekonzentration zwischen 60 und 75 Gew. -%, bezogen auf die
Gesamt- 3. The process of claim 1 characterized in that           menge der
Sdure plus Wasser, bei einer said inorganic salt is selected from the group
40    Reaktionstemperatur zwischen 60-C und consisting of sodium  nitrate,
sodium sulfate,        75 C und unter Verwendung von zwischen magnesium
nitrate hexahydrate, and combina-           3 und 5 Molen Salpetersdure pro
Mol Tolu- tions thereof.                                         ol, urn
Mononitrotoluol herzustellen, b) Umsetzen von Mononitrotoluol mit kon- 4.
The process of claim 1 characterized in that  45       zentrierter
Salpetersgure mit einer SMure- said inorganic salt is added either before,
dur-       konzentration zwischen 90 und 100 Ge- ing, or after step (a) or
step (b) in order to        wichtsprozenten, bezogen auf die Gesamt-
incorporate said inorganic salt into said mixture     menge der S~ure plus
darin enthaltenem to cause said phase separation.
Wasser, bei einer Reaktionstemperatur zwi- so        schen 40 C und 700C
und unter Verwen- 5. The process of claim 1 characterized in that
dung von zwischen 3 und 4 Molen konzen- 



said nitric acid of step (a) has an acid con-         trierter
Salpeters~ure pro Mol Mononitroto- centration of between 60 and 70 percent
by             luol, urn eine Dinitrotoluol und nicht umge- weight, based
upon the total amount of acid           setzte Salpetersdure enthaltende
Mischung plus water.                                55
herzustellen, und c) Aufnehmen eines anorganischen Salzes 6. The process of
claim 1 characterized in that           in die Mischung, urn eine
Phasentrennung said concentrated nitric acid of step (b) has an       des
Dinitrotoluols von der nicht umgesetz- 4    7                 EP 0 468 968
B1                    8 ten Salpetersiure in der Mischung zu bewir-
schen Salzes in der konzentrierten Salpeter- ken.
saure des Schritts (b) zu ergeben. 2. Verfahren nach Anspruch 1,
9. Verfahren nach Anspruch 1, dadurch gekennzeichnet,                    5
dadurch gekennzeichnet, daB das anorganische Salz ausgewAhlt wird
daB der Schritt (a) flr eine Reaktionszeit zwi- aus der Gruppe, bestehend
aus anorganischen        schen 1 und 5 Stunden durchgefUhrt wird. Sulfaten,
anorganischen Nitraten und Kombina- tionen hiervon.
10. Verfahren nach Anspruch 1, 10      dadurch gekennzeichnet, 3. Verfahren
nach Anspruch 1,                          daB der Schritt (b) fUr eine
Reaktionszeit zwi- dadurch gekennzeichnet,                            schen
1 und 5 Stunden durchgefihrt wird. daB das anorganische Salz ausgewAhlt
wird aus der Gruppe, bestehend aus Natriumnitrat,   Revendicatlons
Natriumsulfat,   Magnesiumnitrat-Hexahydrat  t5 und Kombinationen hiervon.
1. Procdd6 de production de dinitrotolubno et de separation de phase du
dinitrotoluene ainsi 4. Verfahren nach Anspruch 1,
produit a partir du mdlange contenant le pro- dadurch gekennzelchnet,
duit, caracterise en ce que: daB das anorganische Salz entweder vor, wah-
20     (a) on fait reagir du tolubne avec de I'acide rend oder nach dem
Schritt (a) oder dem             nitrique presentant une concentration en
Schritt (b) zugegebon wird, um das anorgani-         acide comprise entre
60 et environ 75 pour sche Salz in die Mischung aufzunehmen, um
cent en masse sur la base de la quantite die Phasentrennung zu bewirken.
totale d'acide plus eau, A une temperature 25        comprise entre 60C et
75 C, et en em- 5. Verfahren nach Anspruch 1,
ployant entre 3 et 5 moles d'acide nitrique dadurch gokennzoichnet,
par mole de tolubne, afin de produire du daB die Salpetersiure des Schritts
(a) eine          mononitrotolubne, Sgurekonzentration zwischen 60 und 70
Gew.           (b) on fait reagir ce mononitrotoluene avec -% aufweist,
bezogen auf das Gesamtgewicht  30        de l'acide nitrique concentr6
presentant une der Saure plus Wasser.
concentration en acide comprise entre 90 et 100 pour cent en masse sur la
base de la 6. Verfahren nach Anspruch 1,
quantit6 totale d'acide plus eau,. A une tem- dadurch gekennzeichnet,
p6rature comprise entre 40 * C et 70 IC, et daB  die  konzentrierte
Salpetersdure  dos   35     on employant entre 3 et 4 moles d'acide
Schritts (b) eine Saurekonzentration zwischen        nitrique concontre par
mole de mononitroto- 95 und 100 Gew. -% aufweist, bezogen auf
lubne, afin de produire un melange conte- das Gesamtgewicht der Saure plus
Wasser.             nant du dinitrotoluane et de l'acide nitrique n'ayant
pas reagi, et 7. Verfahren nach Anspruch 1,                 40         (c)
on incorpore un sel inorganique dans dadurch gekennzeichnet,
ledit m6lange pour provoquer la separation daB das anorganische Salz vor
dem Schritt (a)        de phase du dinitrotolueno et de l'acide zugegeben
wird, und es dadurch gekennzeich-          nitrique non reagi dans ledit
m6lange. net ist, daB das Salz in elner molaren Menge verwendet wird, die
ausreichend ist, um zwi-  46  2. Procdd6 solon la revendication 1,
caracterise schen 25% und 100% einer vollstandigen Sat-        en ce quo le
sel inorganique est choisi dans tigungskonzentration des anorganischen
Salzes      un groupe comprenant les sulfates inorgani- in der
Salpetersaure des Schritts (a) zu ergo-     ques, les nitrates
inorganiques, et leurs combi- ben.
naisons. 



50 8. Verfahren nach Anspruch 1,                      3. Proced6 selon la
revendication 1, caracterise dadurch gekennzeichnet,
en ce quo le sel inorganique est choisi dans daB das anorganische Salz vor
dem Schritt (b)      un groupe comprenant le nitrate de sodium, le
zugegebon wird, und es dadurch gekennzeich-        sulfate de sodium,
I'hexahydrate de nitrate de net ist, daB das anorganische Salz in einer  65
magnesium, et los combinaisons de coux-ci. molaren Menge verwendet wird,
die ausreicht, um zwischen 25% und 100% einer vollstindi-     4. Proced6
solon la revendication 1, caracteris4 gen  Stftigungskonzentration  des
anorgani-        en ce quo le sel inorganique est ajoutd soit C   L111111
Nii  Sii 1ll    9                 EP 0 468 968131                    10
avant, soit pendant, soit apres l'4tape (a) ou l'6tape (b), dans le but
d'incorporer le sel inorganique dans le m6lange afin de provoquer la
separation de phase. 5 5. Proced6 selon la revendication 1, caract6rise en
ce que l'acide nitrique de 1'6tape (a) prd- sente une concentration en
acide comprise entre 60 et 70 pour cent en masse sur la base de la quantite
totale d'acide plus eau.    10 6. Proced6 salon la revendication 1,
caracterise en ce quo l'acile nitrique concentr6 de l'etape (b) pr6sente
une concentration en acide com- prise entre 95 et 100 pour cent en masse
sur   15 la base de la quantite totale d'acide plus eau. 7. Proc6dd selon
la revendication 1, caracterise en ce quo le sel inorganique est ajout6
avant I'6tape (a), et en ce que ledit sel est employ6   20 dans une
quantite molaire suffisante pour four- nir entre 25 et 100 pour cent d'une
concentra- tion de saturation totale dudit sel inorganique dans l'acide
nitrique de l'6tape (a). 25 &  Proced6 selon la revendication 1,
caracterise en ce que le sel inorganique est ajoute avant l'etape (b) at en
ce quo ledit sel inorganique est employd dans une quantit6 molaire suffi-
sante pour fournir entre 25 et 100 pour cent  30 d'uno concentration de
saturation totale dudit sel inorganique dans I'acide nitrique concentre de
1'6tape (b). 9. Proc~d6 selon la revendication 1, caract6rise   35 en ce
quo I'Mtape (a) est effectuee pendant un temps de reaction compris entre 1
et 5 heures. *J10. Proced6 selon la revendication 1, caracterise en ce que
l'6tape (b) est effectu6e pendant un   40 temps de reaction compris entre 1
et 5 heures. * C   L   M   S * 50 56 6    


